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Homeostatic and Circadian Processes 

Drive Fatigue and Modulate Task Performance
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Homeostatic and Circadian Processes

Modulate Sleep Propensity during 24/7 Operations

On Duty

(% of total

driver hours

by hour of

the day)

Sleep during

Duty Cycles

(% of total 

driver hours 

by hour of

the day)

Sleep during

Restart Break

(% of total 

driver hours

by hour of

the day)

— 1 nighttime period 

(01:00−05:00) 

in prior restart break

— More than 1 

nighttime period 

in prior restart break

Sparrow AR, Mollicone DJ, Kan K, Bartels R, Satterfield BC, Riedy SM, Unice A, Van Dongen HPA (2016). Naturalistic field study 

of the restart break in US commercial motor vehicle drivers: Truck driving, sleep, and fatigue. Accid Anal Prev 93: 55–64.

0%

20%

40%

60%

80%

100%

0 4 8 12 16 20 24

Hour of the Day

O
n

 D
u

ty

1 nighttime period

(1am–5am) in prior

restart

2 or more nighttime

periods (1am–5am)

in prior restart

0%

20%

40%

60%

80%

100%

0 4 8 12 16 20 24

Hour of the Day

S
le

e
p

 d
u

ri
n

g
 D

u
ty

 C
y
c
le

s

1 nighttime period

(1am–5am) in prior

restart

2 or more nighttime

periods (1am–5am)

in prior restart

0%

20%

40%

60%

80%

100%

0 4 8 12 16 20 24

Hour of the Day

S
le

e
p

 d
u

ri
n

g
 R

e
s
ta

rt
 B

re
a
k

1 nighttime period

(1am–5am) in

restart

2 or more nighttime

periods (1am–5am)

in restart

Sleep 

during 

Duty Cycles

(% of total

driver hours

by hour of

the day)

Sleep 

during 

Restart Break

(% of total

driver hours

by hour of

the day)

0%

20%

40%

60%

80%

100%

0 4 8 12 16 20 24

Hour of the Day

S
le

e
p

 d
u

ri
n

g
 R

e
s

ta
rt

 B
re

a
k

1 nighttime period

(1am–5am) in

restart

2 or more nighttime

periods (1am–5am)

in restart

— 1 nighttime period 

(1am−5am) in prior restart break

— more than 1 nighttime period 

(1am−5am) in prior restart break

— 1 nighttime period 

(1am−5am) in restart break

— more than 1 nighttime period 

(1am−5am) in restart break

0%

20%

40%

60%

80%

100%

0 4 8 12 16 20 24

Hour of the Day

S
le

e
p

 d
u

ri
n

g
 D

u
ty

 C
y

c
le

s

1 nighttime period

(1am–5am) in prior

restart

2 or more nighttime

periods (1am–5am)

in prior restart

0%

20%

40%

60%

80%

100%

0 4 8 12 16 20 24

Hour of the Day

S
le

e
p

 d
u

ri
n

g
 R

e
s

ta
rt

 B
re

a
k

1 nighttime period

(1am–5am) in

restart

2 or more nighttime

periods (1am–5am)

in restart

Sleep 

during 

Duty Cycles

(% of total

driver hours

by hour of

the day)

Sleep 

during 

Restart Break

(% of total

driver hours

by hour of

the day)

0%

20%

40%

60%

80%

100%

0 4 8 12 16 20 24

Hour of the Day

S
le

e
p

 d
u

ri
n

g
 R

e
s

ta
rt

 B
re

a
k

1 nighttime period

(1am–5am) in

restart

2 or more nighttime

periods (1am–5am)

in restart

— 1 nighttime period 

(1am−5am) in prior restart break

— more than 1 nighttime period 

(1am−5am) in prior restart break

— 1 nighttime period 

(1am−5am) in restart break

— more than 1 nighttime period 

(1am−5am) in restart break



2017-03-20 4

• The homeostatic drive for sleep 

builds up steadily over time awake

• At the same time, the circadian 

drive for wakefulness diminishes 

across the night and early morning

• Thus, the two effects amplify each 

other, and fatigue increases 

across the work period

• In addition, the circadian process 

restricts sleep duration during the 

early evening, making it difficult to 

get enough sleep each day

Van Dongen HPA, Jackson ML, Raj S.

MX Fatigue Focus 2010, 2(1): 7-9.
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McCauley P, Kalachev LV, Mollicone DJ, 

Banks S, Dinges DF, Van Dongen HPA. 

Sleep, 2013; 36: 1987-1997.

Mathematical Fatigue Models Predict Fatigue or

Performance Impairment Based (Solely) on the 

Neurobiology of Sleep and Fatigue

measured or

predicted light 

exposure

planned 

work/rest

schedule

predicted

performance

impairmentsleep

inertia

task
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homeostatic

process
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sleep

effect of 

chronic 

sleep loss
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Van Dongen HPA, Balkin TJ, Hursh SR (2016). In Kryger MH, Roth T, Dement WC (Eds.), 

Principles and Practice of Sleep Medicine (6th ed.). Elsevier, pp. 682–688.

60 hours awake

The Association of Fatigue with Risk of Errors and 

Accidents Is Multi-Factorial
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Sleep

Work and Social Hours

P
e

rs
o

n
al

 a
n

d
 E

n
vi

ro
n

m
e

n
ta

l 
P

e
rf

o
rm

an
ce

 S
h

ap
in

g 
Fa

ct
o

rs
(e

.g
.,

 h
ea

lt
h

, l
ig

h
t 

ex
p

o
su

re
)

Risk Factors
(hazards, work demands, 
time pressure, distractions,
weather, etc.)

C
o

u
n

te
rm

e
a
s
u

re
s

(e
.g

., c
a

ffe
in

e
, re

s
t b

re
a

k
s
,

a
u
to

m
a

tio
n
, e

x
tra

 s
ta

ffin
g
)

R
U

L
E

S
, R

E
G

U
L

A
T

IO
N

S
 A

N
D

O
T

H
E

R
 S

C
H

E
D

U
L

IN
G

 C
O

N
S

T
R

A
IN

T
S

Toward a Relative Risk Framework to

Address the Multi-Factorial Nature of Accident Risk

Jackson JE, Sanquist T,

Campbell J, Lee EB,

Van Dongen HPA (2013). 

Transp Res Rec 2347: 11-18.

Sleep and Fatigue
Neurobiology

A common

risk metric:

Signal-to-

Noise Ratio
Relative

Risk of

Errors,

Incidents,

Accidents

Chavali VP, Riedy SM, 

Van Dongen HPA (2017). 

Sleep, in press.
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Fatigue Distribution Modeling When Sleep Times VaryDuty Period 1 Duty Period 2Layover Sleep AvailabilityDuty Period 1 Duty Period 2Layover Sleep Availability

Rangan S, Bowman JL, Hauser WJ, McDonald WW, Lewis RA, Van Dongen HPA (2013). Canadian Aeron Space J. 59: 1-6.

Homeostatic

Process

Duty Sleep

Observed

Distributions

Predicted

Distribution



2017-03-20 9

Acknowledgments

Research supported by:

Office of Naval Research

Air Force Office of Scientific Research

NASA Headquarters

Army Medical Research and Materiel Command

Naval Postgraduate School

Army Research Office

Naval Medical Logistics Command

Department of Defense

Federal Aviation Administration

Federal Motor Carrier Safety Administration

Department of Transportation

Transportation Research Board

Regional Airline Association

National Institutes of Health

State of Washington

Institutes for Behavior Resources

FedEx Express


